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ISOLATION AND CHARACTERIZATIONOF A BOVINE VISCERAL ENDODERM CELL LINE
DERIVED FROM A PARTHENOGENETIC BLASTOCYST
NEIL C. TALBOT,'THOMASJ. CAPERNA,ANNE M. POWELL,ALAN D. EALY,
LE ANN BLOMBERG,ANDWESLEYM. GARRETT
U.S. Departmentof Agriculture,AgriculturalResearchService,Animal and NaturalResourcesInstitute,Biotechnologyand Germplasm
Laboratory(N. C. T, A. M. P, L. A. B., W.M. G.) and GrowthBiology Laboratory,BeltsvilleAgriculturalResearchCenter,Beltsville,
Maryland20705 (T J. C.), and Departmentof AnimalSciences,Universityof Florida, Gainesville,Florida 32611-0910 (A. D. E.).
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SUMMARY

A cell line, BPE-1, was derived from a parthenogenetic 8-d in vitro-produced bovine blastocyst that produced a cell
outgrowth on STO feeder cells. The BPE-1 cells resembled visceral endoderm previously cultured from blastocysts
produced by in vitro fertilization (IVF). Analysis of the BPE-1 cells demonstrated that they produced serum proteins and
were negative for interferon-tau production (a marker of trophectoderm). Transmission electron microscopy revealed that
the cells were a polarized epithelium connected by complex junctions resembling tight junctions in conjunction with
desmosomes. Rough endoplasmic reticulum was prominent within the cells as were lipid vacuoles. Immunocytochemistry
indicated the BPE-1 cells had robust microtubule networks. These cells have been grown for over 2 yr for multiple
passages at 1:10 or 1:20 split ratios on STO feeder cells. The BPE-1 cell line presumably arose from embryonic cells
that became diploid soon after parthenogenetic activation and development of the early embryo. However, metaphase
spreads prepared at passage 41 indicated that the cell population had a hypodiploid (2n = 60) unimodal chromosome
content with a mode of 53 and a median and mean of 52. The cell line will be of interest for functional comparisons
with bovine endoderm cell lines derived from IVF and nuclear transfer embryos.
Key words: bovine; cell; line; parthenogenic; endoderm.
INTROI)UCTION

In vitro models of bovine extraembryonic visceral endoderm are
important for the study of mechanisms of preimplantation bovine
embryo development. Visceral or yolk sac endoderm cells derive
from the primitive endoderm or hypoblast (Kadokawa et al., 1987)
and form the yolk sac, which is ventral to the early bovine embryo
(embryonic disc) and is adjacent to, and continuous with, the inner
aspect of the trophectoderm as it rapidly expands to form the filamentous blastocyst stage by 3 wk postfertilization (Chang, 1952;
Carlson, 1981; Rtsse et al., 1992). As gastrulation proceeds, mesoderm cells delaminate from the embryonic disc and rapidly cover
the visceral endoderm epithelial sheet (splanchnic mesoderm) so as
to contribute to a vascular network that develops within the yolk
sac tissue (Carlson, 1981; Rtisse et al., 1992). The yolk sac persists
for several weeks until the chorioallantoic membranes are established. After this time, it rapidly shrinks in size, and the remnant
is finally absorbed into the belly stalk of the fetus (Carlson, 1981;
Mossman, 1987).
Although the yolk sac of mammals is referred to as a vestigial
'To whom correspondenceshould be addressedat E-mail: ntalbot@anri.
barc.usda.gov
Disclaimer:Mentionof trade names or commercialproductsin this publication is solely for the purposeof providingspecific informationand does
not imply recommendationor endorsementby the U.S. Departmentof Agriculture.
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structure, because no yolk is actually present for the tissue layer to
surround, it carries out various important functions in the developing embryo during the preimplantation and periimplantation periods of pigs and ruminants (Carlson, 1981; Mossman, 1987; Rtisse
et al., 1992). The yolk sac epithelial layer is in direct contact with
an extensive area of the chorion (trophectoderm), and this in close
apposition to the uterine endometrium, is positioned to facilitate
nutrient transport from the uterus to the embryo and early fetus
(Carlson, 1981; Mossman, 1987). The yolk sac also supports the
early development of the fetus by producing a spectrum of serum
proteins (Janzen et al., 1982; Young and Klein, 1983; Shi et al.,
1985) and functions as the site of early blood cell formation (Riisse
et al., 1992; Niimi et al., 2002). These functions are of particular
importance to the cow because formation of the placenta is delayed
until after approximately 40 d of gestation (Chang, 1952). The yolk
sac, therefore, has the specialized function of supporting the early
development of the fetus until further nutrient and physiological
support is taken over by the formation of the chorioallantosis and
its connection with the uterus, i.e., placentation (Carlson, 1981;
Rtisse et al., 1992).
In vitro cell culture models of bovine visceral endoderm may be
useful in the study of bovine early embryonic and periimplantation
development and survival. Recently, in vitro cell culture models of
bovine endoderm were reported (Talbot et al., 2000a). Morphological features of bovine endoderm cells continuously cultured in vitro
were similar to those found in vivo, and the cells also showed in

BOVINEENDODERMCELLLINE
vivo functional characteristics such as serum-protein secretion (Talbot et al., 2000a). Although in vitro models of visceral endoderm
exist for the mouse (Walter et al., 1984; Adamson et al., 1985;
Mummery et al., 1991) and human (Pera et al., 1987), the greatly
delayed implantation of ruminant embryos and the extensive size of
the bovine yolk sac suggest that the function of the ruminant yolk
sac may be more vital for bovine embryo survival than in the mouse
or human (Carlson, 1981; Riisse et al., 1992). Thus, bovine visceral
endoderm cell lines may offer a more relevant in vitro cellular substrate with which to study yolk sac function and mechanisms of
preimplantation embryo survival in ruminants.
Given this, models of bovine yolk sac endoderm may help illuminate differences between embryos created by somatic cell nuclear
transfer (NT) and embryos derived from normal fertilization of eggs
with sperm. This is particularly relevant because preimplantation
embryo survival appears to be a critical problem with NT pregnancy
establishment (Hill et al., 2000; De Sousa et al., 2001; Hashizume
et al., 2002). For the comparative study of mechanisms of developmental failure in NT pregnancies, an in vitro model of endoderm
derived from a source of bovine embryos that never successfully
implant and that have deficiencies in their extraembryonic membrane form and function would be useful. Endoderm cell lines derived from parthenogenetic bovine embryos might provide such a
comparative model because, in the mouse, parthenogenetic embryos
are characterized by poor development of their extraembryonic
membranes and they uniformly fail to maintain pregnancy (Surani
and Barton, 1983; Surani et al., 1990). Much of the developmental
failure in parthenogenotes is thought to arise from their lack of
paternally imprinted genes (Surani et al., 1990) and, similarly, the
aberrant gene expression that occurs after cloning, some in imprinted genes, may be the causes of the high incidence of pregnancy
failure in NT embryos (Humpherys et al., 2002; Inoue et al., 2002).
Although mammalian parthenogenote-derived cell lines are rare,
they have been established from mouse embryos either in the form
of embryonic stem cell lines (Kaufman et al., 1983) or in the form
of embryonic fibroblast secondary cell cultures (Kharroubi et al.,
2001).
The isolation of an endoderm cell line from a parthenogenetic 8-d
bovine blastocyst is described. The continuous culture and characterization of the cell line were undertaken to demonstrate their
basic similarity to or differences from another endoderm cell line
previously isolated from a blastocyst produced by in vitro fertilization (IVF) (Talbot et al., 2000a).
MATERIALS AND METHODS

Cell culture. All cells were grown on tissue culture plasticware(Nunc,
Roskilde,Denmark;and Falcon,BectonDickinson,LincolnPark,NJ).Cryovials (2 ml) were purchasedfromNunc. Fetal bovineserum(FBS)was obtained
from Hyclone (Logan, UT). Cell culture reagents, including Dulbecco phosphate-buffered saline (PBS) without Ca++and Mg++, media, trypsin-ethylenediaminetetraacetic acid (EDTA) (0.05% trypsin, 0.43 mM EDTA), antibiotics, nonessential amino acids, and L-glutamine were purchased from
InVitrogen Corporation, Gaithersburg, MD (GIBCO). The STO cells (CRL
1503, American Type Culture Collection, Rockville, MD) were grown in Dulbecco modified Eagle medium (DMEM) with high glucose (4.5 g/L) supplemented with 10% FBS (10% DMEM). Feeder layers were prepared by exposing a suspension of STO cells to 8 krad gamma radiation and plating the
cells at 6 x 104 cells/cm2. Feeder layers were maintained by refeeding with
10% DMEM every 6-7 d.
A primary bovine parthenogenetic endoderm (BPE-1) culture was initiated
from a day-8, blastocyst-stage, parthenogenetic embryo, created as described
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previously (Talbot et al., 2000b), by pressing it onto the STO feeder cell
monolayer and plastic with a hypodermic needle, as described previously
(Talbot et al., 2000a). No epiblast or trophectoderm contamination was observed in the colony outgrowth that occurred over the first 2 wk of primary
culture. After 3 wk of primary culture, the colony, then approximately 1 cm
in diameter, was passaged for secondary culture. This first passage was accomplished by chopping the primary colony into small pieces using two hypodermic needles and transferring the resulting clumps of BPE-1 cells into
a T25 flask containing a STO feeder cell layer. The culture, henceforth, was
passaged by physical disruption of the BPE-1 monolayer (as described previously in Talbot et al., 2000a) approximately every 3 wk at a 1:3 split ratio
onto fresh STO feeder layers. BPE-1 cells were cultured in DMEM/199 medium (50/50) with 10% FBS (Talbot et al., 2000a) until passage 24. Subsequent passages were cultured in 10% DMEM.
BPE-1 cell growth assays. Growth of the BPE-1 cells was assayed macroscopically by photodocumentation of sister flasks of the culture that were
simultaneously fixed and stained at progressively longer time points postpassage. Fixation and staining of the cultures were performed by aspirating the
medium from the flasks and immediately replacing it with a fixing-staining
solution of 0.125% Coomassie Blue R-250 (InVitrogen/GIBCO), 50% methanol, and 10% acetic acid for 10 min. The staining solution was decanted,
and the cell monolayer was rinsed with distilled water to stop cell staining.
If necessary, the stained cells were destained to varying degrees with a solution of 50% methanol and 10% acetic acid.
BPE-1 cell growth was assayed at passage 36 by counting the increase in
the total cells per T25 flask over a 3-wk period at 4-d intervals postpassage.
Duplicate T25 flasks were counted at each time interval. Single cell suspensions of the contents of each flask were produced by washing the cells once
with 2 ml of 2 M urea. The cells were incubated at -350 C in the residual
urea left behind after aspiration (-0.2 ml) for 5-6 min. One-half milliliter
of trypsin-EDTA was added to each T25 flask to finish dissociation of the
cells during a further 10 min incubation at -350 C. The cells were suspended
to a total volume of 2 ml for cell counts in 10% DMEM. Total cells per T25
flask was ascertained by averaging the counts of 16 hemocytometer squares
(1 mm2). Input of the number of BPE-1 cells at the start of the growth assay
was undefined, but was a 1:40 split ratio from a nearly confluent stock culture. The STO feeder cells surviving the urea-trypsin-EDTA dissociation
were similarly enumerated from a parallel group of feeder cell T25 flasks
that had not received any BPE-1 cell input.
Cytogenetic analysis. BPE-1 cells were analyzed for chromosome content

at passage 41. The BPE-1 cells were harvestedto single cells by treatment
with 2 M urea and trypsin-EDTA as previously described to prepare metaphase spreads (Talbot et al., 2000a). Metaphase spreads on replicate slides
were stained with 1 ptg/ml propidium iodide (PI; Molecular Probes, Eugene,
OR) and 2 pRg/mlbisbenzimide (Hoechst 33342; Molecular Probes) for fluorescent observation. For chromosome counts, PI-stained metaphase spreads
were imaged at -x 1000 magnification using a Zeiss LSM 410 confocal microscope equipped with a x63 C-Apochromat 1.2 numerical aperture water
immersion objective. For Hoechst 33342 fluorescent observation, the 351-nm
line of a Coherent Innova 90 laser was used for excitation, and the emitted
light was passed through a long-pass 397-nm filter. The 568-nm line of an
argon-krypton laser was used for excitation of PI, and emitted light was
filtered through a long-pass 590-nm emission filter. Approximately 50 BPE1 metaphase spreads were counted for chromosome content. Approximately
30 metaphase spreads from a bovine fetal fibroblast (BFF) cell culture at
passage 4 were counted as a comparative control.
Antiviral interferon-tau activity assay. Antiviral assays of the conditioned
medium (CM) of BPE-1 were completed as described by Roberts et al., 1989.
BPE-1 cells were assayed at passage 17, where the 4-d CM was serum-free
(SF) DMEM + lx ITS (insulin [10
transferrin [5.5 pLg/ml],and
spIpg/ml],
selenium [0.005 Ipg/ml]; Sigma Chemical Co., St. Louis, MO). The CM from
STO feeder cells alone and unconditioned medium were assayed as negative
controls. The ability of samples to prevent virus-induced cell lysis by 50%
was compared with a recombinant human interferon-alphaA standard (Calbiochem, La Jolla, CA; 3.84 X 108 IU/mg). The concentration of interferontau (IFN-7) in CM was calculated on the basis of the specific activity of
recombinant bovine IFN-T (2.52 + 0.49 X 108 IU/mg) included in each assay.
Assays were completed in duplicate, and results were reported in international units of IFN-T per milliliter of culture medium and in nanogram per
milliliter. The assay had a sensitivity of 20 IU/ml.
Immunoblot analysis of CM. Western blots and immunoprobing of the blots
with antitransferrin antibody were done as described previously (Talbot et
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al., 2000a). Three milliliters of SF medium (DMEM high glucose) was conditioned for 72 h by confluent monolayers of passage 42 BPE-1 cells (T25
flask) that had been washed 4x with SF medium. The washes were performed
to remove traces of serum proteins left behind by the FBS-containing growth
medium routinely used in the propagation and maintenance of the cell culture. The CM samples were centrifuged at 500 x g for 15 min to pellet cell
debris, and supernatants were stored frozen at -200 C. Serum-free medium
conditioned by STO feeder cells alone, a bovine parthenogenetic trophectoderm cell culture, the CE-2B bovine endoderm cell line (Talbot et al., 2000a),
and adult bovine serum (ABS) were assayed as comparative controls. The
CM samples (Ix, 30 .1lof each) and ABS (0.1 pl) were mixed 3:1 with 4X
loading buffer containing sodium dodecyl sulfate (SDS) and 3-mercaptoethanol. Samples were loaded onto 8% polyacrylamide gels, and electrophoresis
(polyacrylamide gel electrophoresis [PAGE]) was performed as described by
Laemmli, 1970. Proteins were transferred to polyvinylidene fluoride (PVDF)
membranes (Bio-Rad, Hercules, CA), blocked with porcine albumin, and
probed with polyclonal rabbit antisera to bovine transferrin (Axell Accurate,
Westbury, NY). Specific immunoreactive proteins were observed by reaction
with alkaline phosphatase-conjugated secondary anti-rabbit antibody, followed by the addition of nitro-blue tetrazolium chloride/5-bromo-4-chloro-3'indolylphosphate p-toluidine (NBT/BCIP) reagents (Sigma). For total protein
staining, parallel blots were stained with 0.015% Coomassie Blue R-250
(Bio-Rad) in 40% methanol and 5% acetic acid.
Immunocytochemistry. BPE-1 cells at passage 43 and CE-2B cells (bovine
visceral endoderm cell line previously derived from a blastocyst produced by
IVF; Talbot et al., 2000a) at passage 4 were grown in T25 flasks and were
fixed for 25 min in 4% methanol-free formaldehyde in PBS. The bottoms of
the flasks were cut out and processed for immunocytochemistry as described
previously (Talbot et al., 2003) using antibodies to alpha-tubulin (1:1000;
Sigma) and beta-tubulin antibody (1:500; Sigma) mixed together. Alexa 488labeled goat anti-mouse secondary antibody (Molecular Probes) was used to
detect binding of the primary antibody. The actin cytoskeleton was stained
with AlexaFluor 594 phalloidin (Molecular Probes) at 2 U/ml (66 nM). Cell
nuclei were counterstained with 500 ng/ml bisbenzimide (Hoechst 33342;
Molecular Probes), and the specimens were mounted in Vectashield (Vector
Labs, Burlingame, CA).
Transmission electron microscopy. Transmission electron microscopy (TEM)
sample preparation and photomicroscopy were done with the assistance of
JFE Enterprises, Brookeville, MD as described previously (Talbot et al.,
2000a). Ultrastructural analysis was performed on samples processed from
one T25 flask culture that was 3-wk postpassage at passage 34.
RESULTS

Establishment of the BPE-1 cell line. A primary outgrowth of
bovine endoderm was initiated from a bovine parthenogenote that
had reached

the blastocyst

stage after 8 d of egg culture. The en-

doderm outgrowth was recognized as such by its distinct cell and
colony morphology (Talbot et al., 2000a). Also, on the basis of microscopic observation of cell and colony morphology, no trophoblast
or epiblast contamination was present in the primary culture. Although it was unusual to find no trophoblast contamination in the
primary culture, an absence of trophectoderm was observed in 3 of
111 parthenogenetic whole bovine blastocyst explant cultures or
-3% in an unrelated study involving similar primary blastocyst
cultures (unpublished data; N. C. Talbot). Epiblast survival in whole
bovine blastocyst explant cultures is more rare (less than 1%; unpublished observation; N. C. Talbot) and did not occur in this case.
This lack of contaminating cell types simplified the establishment
of the bovine parthenogenetic
endoderm culture. The culture was

designated BPE-1.
The primary BPE-1 colony was composed of approximately cuboidal epithelial cells closely packed together in the center of the
colony, with flatter and more spread out cells at the periphery of
the colony. The primary colony had frequent domes or areas of cells

that formed vesicle-like structures by transporting fluid between two
or three adjacent cells. The cells were not as granular in appearance
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Fir. 1. Growthcurveof BPE-1cells assayedat passage36. Totalof BPE-1
and nondividingSTOfeeder cells (0). STOfeeder cells only (A).
as trophectoderm cells and had scant amounts of visible lipid. In
addition, at the periphery of colonies or where domes occurred,
distinct web-like arrangements of phase-contrast, dark cytoskeletal
fibers were observed in the cells (as in Fig. 3). The cells grew
predominantly on top of the STO feeder cells.
Secondary culture of the BPE-1 cells was performed after 3 wk
when the colony had reached a size of approximately 1 cm in diameter. Clumps of BPE-1 cells that attached in the first 24 h grew
into -1-cm-diameter colonies over 3-4 wk of culture. The BPE-1
cell culture grew relatively slowly during the initial secondary culture period (the first 5-10 passages); however, after this "establishment period," the secondary culture grew more quickly and was
routinely passaged at 1:20 or 1:40 split ratios. After establishment,
the cell line had a characteristic lag period of about 1 wk postpassage that was followed by a population doubling time of approximately 96 h (Figs. 1 and 2). The BPE-1 cell culture did not require
colony cloning to maintain the purity of the visceral endoderm population, as putative parietal endoderm differentiation was not observed during the establishment of the cell line (Talbot et al.,
2000a).
Similar to the primary culture, the established BPE-1 cell line
formed monolayers composed of approximately cuboidal epithelial
cells where most of the cells were closely packed together but did
have some areas where the cells were flatter and more spread out
(Fig. 3). Domes or vesicle-like structures, formed by adjacent cells
transporting fluid between themselves, were common in the BPE-1
monolayer (Fig. 3). In contrast to the primary culture, later passage
BPE-1 cells had cell-associated lipid droplets that were easily discernible by phase-contrast microscopy. As in the primary culture,
later passage BPE-1 cells were found to have distinctive phasecontrast, dark, web-like cytoskeletal elements that traversed the cytoplasm and encircled the nucleus (Fig. 3). These cytoskeletal elements were positive for reaction with antitubulin antibody by immunocytochemical assay (Fig. 4A) and were, therefore, microtubules. In comparison, similar robust microtubule arrays were also
found in the cells of the CE-2B visceral endoderm cell line (Fig.
4B), previously isolated from a bovine embryo produced by IVF
(Talbot et al., 2000a), and were similar to those found in the endoderm cells lining the interior of an 11-d in vivo porcine blastocyst
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FIG.2. Growthof BPE-1 cells shown in a cohortof T25 flasks afterpassage at a 1:20 split ratioat passage 38. Individualflasks were
sequentiallyfixed and stained with CoomassieBlue R-250 over a 24-d postpassagecultureperiod to illustratethe growthof the cells.

(Fig. 4C). The actin cytoskeleton, although occurring in the cytoplasm of the cells and perhaps colocalizing with the microtubule
network, was most distinctly present at the cell boundaries in all
cases (Fig. 4D-F).
Transmission electron microscopic analysis of the BPE-1 cell line.
BPE-1 cells were arranged in a single layer of elongated cuboidal
cells growing on top of or between the STO feeder cells (Fig. 5A).
Although the BPE-1 cells were never intimately joined to the STO
feeder cells, they were usually in close proximity to the STO cells,
except in the case where dome formation occurred. Prominent and
numerous microvilli at the apical surface (facing the medium)
marked the polarized morphology of the BPE-1 cells, and the cells
were joined by numerous desmosomal elements and tight junctional
complexes at their lateral surfaces (Fig. 6A). Smooth and rough
endoplasmic reticulum, lysosomes or digestive vacuoles, and lipid
vacuoles were all numerous and well represented in the BPE-1 cells
(Fig. 6B). Golgi complexes, although present, were not particularly
numerous in the BPE-1 cells analyzed by TEM. Overall, the
BPE-1 cells were similar in ultrastructure presentation to the in
vivo endoderm cells of a 19-d expanded bovine blastocyst that was
also examined by TEM (Fig. 5B).
Cytogenetic analysis of the BPE-1 cells. Figure 7 shows the dis-

tribution of chromosome counts found from the enumeration of 48
BPE-1 metaphase spreads at passage 41. A unimodal distribution
was found in which the majority (85%) of BPE-1 cells were hypodiploid and contained between 47 and 56 chromosomes (Fig. 7A).
The remaining 15% of metaphase spreads consisted of cells with
various hypo- and hyperdiploid contents or near triploid cells (Fig.
7A). All the chromosomes were acrocentrics or telocentrics with the
exception of the X-chromosome, which was submetacentric, and of
which there appeared to be two (Fig. 8). As a comparative control,
secondary cultures of bovine fetal fibroblast were assayed at passage
4. Of 30 BFF metaphase spreads examined, 80% were diploid containing a full complement of 60 chromosomes (Fig. 7B). The remaining BFF metaphase spreads were either near diploid or near
tetraploid (Fig. 7B).
Protein expression by BPE-1 cells. Visceral endoderm is known to
synthesize and secrete serum proteins (Young and Klein, 1983; Shi et
al., 1985), whereas trophectoderm, the other differentiated epithelium
of the early blastocyst, specifically secretes IFN-T(Roberts et al., 1989).
The medium conditioned by BPE-1 for 96 h was tested for IFN-trby
antiviral assay and found to have less than 20 IU/ml of IFN-7, i.e., the
level was at the limit of sensitivity of the assay. Therefore, the BPE-1
cells were not secreting detectable amounts of IFN-T.
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FIG. 3. Phase-contrast light micrograph of a monolayer of BPE-1 cells at passage 42. Note the characteristic cell associated lipid
droplets found in many of the cells in the monolayer (arrowheads) and the characteristic web-like cytoskeletal elements within the larger
cells (arrow). Bar, 40 C m.

BPE-1 cells were assayed for their secretion of serum proteins,
particularly,the serum protein transferrin.A Westernblot of samples of SF media conditionedby either BPE-1 cells, CE-2B cells,
a bovine parthenogenetictrophectodermcell culture,or STOfeeder
cells only was analyzedfor transferrincontent by probingwith antitransferrinantibody.A protein with a molecularweight equal to
that of transferrin(-78 kDa) was detected by the antibodyin the
BPE-1 CM (Fig. 9A, lane 3) and in the CM of the CE-2B cell line
(Fig. 9A, lane 4) but not in the STOfeeder cell CMor trophectoderm
culture CM (Fig. 9A, lanes 2 and 5, respectively).CoomassieBlue
staining for the total proteins in CM separatedby one-dimensional
SDS-PAGEshowedthat the BPE-1 culturewas secretinga spectrum
of proteins similar to that found in bovine serum (Fig. 9B, lane 3).
In comparison,the CMof the IVF-derivedCE-2B bovine endoderm
cell line also showed a serumprotein-like profile(Fig. 9B, lane 4),
whereas CM from STO feeder cells alone, or a bovine parthenogenetic trophectodermcell culture, did not (Fig. 9B, lanes 2 and 5,
respectively).The CoomassieBlue total protein staining indicated
that the transferrinwas abundantlyexpressed by both the parthenogenetic-derived(BPE-1; lane 3) and the IVF-derived(CE-2B;
lane 4) cell lines. Also, the lack of any prominentproteinbands at
-68 kDa in lanes 2 and 5 of Fig. 9B indicatedan absence of serum
protein contaminationin the CM.

DISCUSSION
The study demonstratesthat a parthenogeneticbovine endoderm
cell culture could be readily established in long-termculture.This
might not have been assumed,because a strikingfeatureof mouse
developmentin vivo is poor developgynogenotes/parthenogenotes
ment and degenerationof the extraembryonicmembranes(Suraniet
al., 1990; Tadaand Takagi,1992). However,ruminantextraembryonic tissue development is distinctly different from the mouse
(Chang,1952; Mossman,1987). Studies of in vivo developmentof
parthenogenotesin sheep indicated either no gross extraembryonic
tissue abnormalities(Loi et al., 1998) or some hypertrophyand
hypervascularizationin the tissue (Hagemannet al., 1998). Also,
because cell growthin culture is withoutthe complex interdependent interactionfound in vivo, the establishmentof continuouscell
cultures from uniparentaltissue sources is perhapsnot surprising
(Kaufmanet al., 1983; Kharroubiet al., 2001). Because the BPE-1
cells have been continuouslyculturedfor nearly3 yr and for greater
than 45 passages, usually at high split ratios,it is probablethat the
culture is immortalizedand is a cell line.
It was unusual not to find trophoblastcontaminationin the primaryblastocystexplant culturethat gave rise to BPE-1, but this is
unnecessaryfor the establishmentof the endodermcultures. In an
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FIG.4. Fluorescentstainingof alpha/betatubulinand actin in BPE-1and CE-2Bcell lines. Characteristicweb-likearrayof microtubule
(tubulin)cytoskeletalelements that ramifythe cell and surroundthe nucleus in BPE-1 cells (A), CE-2B cells (B) or the endodermcells
lining the interiorof an 11-d in vivo porcine blastocyst(C). Bar, 25 pIm.CorrespondingPhalloidinstainingof the actin cytoskeletonin
BPE-1 cells (D), CE-2B cells (E), or in vivo porcineendodermcells (F). Bar, 25 p[m.Arrowheadsindicate bordersof cells; n, nucleus.

unrelated study, it was found that parthenogenetic whole bovine
blastocyst explant cultures produced endoderm outgrowth at high
rates but that most were contaminated by the coincident outgrowth
of trophectoderm cells (unpublished observation; N. C. Talbot). This
presents little problem in establishing the parthenogenetic endoderm culture in pure form because the trophectoderm outgrowth can
be readily removed. Trophectoderm outgrowths, recognized by their

distinct cell and colony morphology, can be detached from the endoderm cells and the plastic substrate using 25-gauge hypodermic
needles for dissection and a glass micropipette to aspirate the trophectoderm cells from the culture. This is efficient because the trophectoderm forms a continuous sheet of cells that are strongly connected to one another, and the endoderm does not adhere to the
trophectoderm.

136

TALBOTET AL.

FIG.5. Electronmicrographof BPE-1 cells at passage 42 comparedwith the endodermcells of an in vivo 19-d bovine blastocyst.
(A) Cell monolayershowingpolarizedmorphologywith characteristicmicrovilli(arrowheads)and tightjunctionalunions (arrow)alongthe
apical portionof the roughlycuboidalcells. The STOfeeder cells, not shown,are underneaththe three BPE-1 cells. X7500. (B) In vivo
endodermfromnearthe tip of an elongated19-d bovineblastocyst.The endodermcells are positionedjust underneaththe basal membrane
of the trophectoderm(T) cells. Note the tightjunctionalunions with associateddesmosomes(arrows)betweenthe endodermcells and the
microvilliat the cell membranefacing the blastocoel cavity. X9450. N, Nucleus; L, lipid vacuole.

Overall, the BPE-1 cell line was substantially similar to the CE2B cell line previously isolated from a blastocyst produced by IVF
(Talbot et al., 2000a). The BPE-1 cells were similar to the CE-2B
cells in ultrastructural features, with the exception that BPE-1 cells
examined did not have the numerous and robust Golgi complexes
that were the striking feature of the CE-2B cells. In this way, the
BPE-1 cells appeared more like the bovine endoderm cells analyzed
from an in vivo 19-d filamentous bovine blastocyst (Fig. 5). The
BPE-1 cells were perhaps most similar to CE-2B cells in cell and

colony morphology, growth rate, and transferrin secretion. Besides
transferrin, the BPE-1 cells appeared to produce several other serum proteins as was previously shown to be a characteristic of the
CE-2B cell line (Talbot et al., 2000a) and of visceral endoderm cells
in general (Janzen et al., 1982; Young and Klein, 1983; Shi et al.,
1985). It will be of interest to analyze the secreted proteins produced by the BPE-1 cell line in comparison with the CE-2B cell
line by 2-D gel electrophoresis to see what difference may exist
between them. Differences in gene and protein expression may in

FIG.6. Electronmicrographof BPE-1 cell monolayerat passage 42. (A)Tightjunctionalarea (arrows)and desmosomes(arrowheads)
connect the BPE-1 cells together.Note the microvilli(my)at the apical surfaceof the cells. X 18,900. (B) Highermagnificationshowing
the rough endoplasmic reticulum (RER) that was often prominent in the cells. X94,500. N, Nucleus; L, lipid vacuole; M, mitochondria.
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FIG.7. Karyotypeanalysis of BPE-1 cells. (A) Forty-eightmetaphasespreadsof BPE-1 cells were preparedand counted at passage
41. (B) Thirtymetaphasespreadsfroma bovine fetal fibroblastcultureat passage 4 were preparedand countedas a comparativecontrol.

part reflect deficiencies resulting from the lack of paternally imprinted genes that are expected to be absent in the BPE-1 cells
(Kharroubi et al., 2001). However, the evaluation of several cell
lines independently derived from parthenogenetic and IVF embryos
will be necessary to establish what differences simply reflect variations in cell population selection, i.e., growth and survival, in response to adapting to the in vitro environment.
The BPE-1 cell line was hypodiploid on the basis that most of

the metaphase spreads assayed contained fewer than the normal
complement of 60 chromosomes. Also, the level of heterogeneity in
the chromosomal content of BPE-1 is not unexpected for an extensively passaged cell line, but it may indicate that the karyotype of
the BPE-1 cell population has not stabilized, as described for other
cell lines, even after greater than 40 passages in culture (Freshney,
1994; Mamaeva, 1998). The endoderm of the initial cell culture
presumably arose from cells that diploidized early on after parthe-

BOVINEENDODERMCELLLINE

Fic. 8. Normaldiploid metaphasespread preparedfrombovine fetal fibroblastcells at passage4 (A)in comparisonwith the hypodiploidmetaphase
spread of a BPE-1 cell at passage 41 (B). Note the two X-chromosomesin
the BPE-1 and BFF karyotypes(arrows)BFF, bovine fetal fibroblast.

nogenetic activation or from an egg that did not extrude a second
polar body. Karyotype studies of parthenogenetic bovine blastocysts
that were produced in a similar manner (i.e., sequential ionomycin
and 6-dimethylaminopurine treatment) have shown that most of the
resulting blastocysts contain cells that are not all diploid but are
instead polyploid, with mixoploidy being in evidence (Winger et al.,
1997; De La Fuente and King, 1998). Thus, it is possible that the
BPE-1 cell culture was initially of mixed ploidy, but that diploid
endoderm cells that were present in the primary explant culture
thrived and out competed cells of abnormal ploidy. Subsequent drift
in the population to a hypodiploid state probably resulted during
the extensive passage of the culture (Freshney, 1994; Mamaeva,
1998). However, it is possible the BPE-1 cell line was generated
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fromhaploidor near-haploidendodermcells existing in the primary
parthenogeneticblastocystexplantculture,althoughhaploidyin bovine parthenogenotesappearsto occur rarely(Wingeret al., 1997).
Althoughhypodipoidand near-haploidcell lines exist, it has been
found that over extensive passage, a compensatoryshift takes place
in the cell populationto a hyperdiploidstate, presumablyto correct
for partial or complete monosomies (Freshney, 1994; Mamaeva,
1998).
A previouslyobserveddistinct morphologicalfeatureof primary
cultures of porcine and bovine visceral endodermcells (Talbotet
web-like patternof unal., 1993, 1995) was a phase-contrast-dark,
identifiedcytoskeletal-likeelements that ran throughthe cytoplasm
and encircled the nucleus. A similar web-like cytoskeletal array
was also a prominentmorphologicalfeaturein the cells of a visceral
endodermcell line, CE-2B, previouslyisolated from a bovine embryoproducedby IVF (Talbotet al., 2000a). The immunocytochemical analysis for actin and tubulindefinedtheir spatial arrangement
in the BPE-1 cells and showed that the microtubulenetwork(tubulin) corresponded with the phase-contrast-darkelements observed in the cells. In comparison,the microtubulenetworksin the
CE-2B cell line and in the endodermcells lining the interiorof an
11-d porcineembryowere morecoalesced and, therefore,seemingly
even more robust in appearance.This feature may reflect the microtubulenetwork'smajorrole in transportof endosomes in endocytotic or transcytotictransportof nutrients throughthe yolk sac
epithelium (Starlinget al., 1983; Beckmanet al., 1997).
The BPE-1 parthenogeneticcell line and similar cell lines that
could be created in the futuremay help define deficiencies in "rethat lead to developmentalabnormalitiesin NT pregprogramming"
nancies (Hill et al., 2000; De Sousa et al., 2001; Hashizumeet al.,
2002). In comparisonwith NT embryosand the successful reprogrammingof the donorsomaticnucleus, IVF-derivedendodermrepresents the best case comparativedevelopmentalpotential (often
endodermrepresents
successful), and the parthenogenote-derived
the worstcase comparativedevelopmentalpotential(neversuccessful). Thus, analysis of endodermcell lines derived from IVF embryos (i.e., bovine embryoscarryinga normalmaternaland paternal
genetic complement)or parthenogenotes(maternalgenetic complement only) might allow the definitionof many genetic and phenotypic differencesthat predisposeparthenogeneticembryosto early
death (Suraniand Barton,1983; Fukui et al., 1992; Boedionoand
Suzuki, 1994; Susko-Parrishet al., 1994; Loi et al., 1998). Although
analyses of genetic imprintingwould be complicatedby a nondiploid chromosomecomplement(loss of a chromosomecould be interpretedas a loss of induced state), diploid cell lines are usually
genetically stable at early passage levels (Freshney,1994; Talbotet
al., 2000a). That in vitro models can yield reliable gene expression
profiles is supportedby the finding that in fibroblastcultures derived from uniparentalfetuses (androgenotesor parthenogenotes),
the parentof the origin expressionprofileof several maternallyimprintedand several paternallyimprintedgenes was maintainedover
30 cell generationsin culture (Kharroubiet al., 2001). Aberrant
alterationsin gene expression arising from the lack of normalimprintedgene complementsin parthenogeneticendoderm(Suraniand
Barton, 1983; Suraniet al., 1990) might thereforeprovidemechanistic candidatesfor pregnancyfailure that can be similarlyfound
in NT endodermepigenetic gene expression,but, in the case of NT,
results fromineffectivereestablishmentof genetic imprintstatus or
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FIG.9. The SDS-PAGEand Westernblot of BPE-1 conditionedmediumdemonstratingthe expressionof serum-likeproteinprofile
and the specific expressionof transferrin.Separatinggel of 1x CM(72 h) was stained for total proteinwith CoomassieBlue (B), and the
correspondingWesternblot (A)was probedwith antibovinetransferrin.Lane 1, 0.1 [LIadult bovine serum;lane 2, STO feeder cell CM;
lane 3, BPE-1 CM at passage 42; lane 4, CM from CE-2B bovine endodermcell line; lane 5, CM from a bovine parthenogenetic
trophectodermcell culture SDS-PAGE,sodiumdodecyl sulfate-polyacrylamidegel electrophoresis;CM,conditionedmedium.

methylation status (Humpherys et al., 2002; Cezar et al., 2003;
Santos et al., 2003).
In summary, the presented work demonstrates the establishment
of a parthenogenetic visceral endoderm cell line, and it is assumed
that this could be readily repeated to create numerous cell lines for
comparative purposes. Besides the "standard" culture conditions,
the in vitro endoderm model enables the experimental manipulation
of the cell's environment (e.g., addition of specific growth factors,
hormones, metabolites, etc.) to ask how gene expression responses
are changed in themselves and in comparison with other cell lines.
It is anticipated that functional comparisons with IVF- or NT-de-

rived visceral endoderm cell cultures will yield information relevant
to the yolk sac's role in supporting the growth and survival of periimplantation bovine embryos.
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